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Underlying phenotypic and genetic factors involving motives for smoking were assessed using data 
from 1756 twins, including 390 complete pairs. Respondents were aged 50 or older and included 
both current and former smokers. T he Motives for Smoking Questionnaire (MSOl hypothesises 
eight correlated but distinct motives for smoking, which correspond to pharmacological and non- 
ph armacological second-order factors. This paper concentrates on the pharma rotogir al motives. 
" Principal-factor analysis recovered five cat^^gories. Items constitutin^ Sedad ve. Stitnulative. anc| 
Addictive reasons for smoking-m erg ed into one Factor, whereas Automatic smoking, also consid ¬ 
ere d to have pharmacological nrieins. formed a separate factor. Twin analysis was used to test for 
genetic effects and to determine whether these factors, although combined phenotypically, were 
affected by distinct genetic or environmental influences. _Geoetic effects accounted for a signifi¬ 
c ant amount of the variance in the four hv ppthpsiveH phiinr!’'''" iogicai motives for smoking, as did 
shared environment . The .separate factor for Automatic smoking in the phenotypic analysis was 
due to environmental effects, and shared environment was a greater influence on Automatic smok¬ 
ing for women than men, One common effect explained the genetic variance; no genetic influence 
uniquely affected any specific motive. Therefore, individual differences in the hypothesised phar¬ 
macological motives for smoking appear to originate from a common genetic pathway. 


KEY WORDS: Smoking; pharmacological motives; Motives for Smoking Questionnaire; phenotypic fac¬ 
tors; genetic factors. 


INTRODUCTION 

When asked, cigarette smokers offer a variety of rea¬ 
sons why they smoke and circumstances when or where 
they smoke. A number of studies ffkard et al.. 19fi9; 
McKennell, 1970; Russell et al.. 1974; Tate et al.. . 
1994) have organized these motives for smoking into 
subtypes or factors, i n part so that individual smokers 
could be categorized according to their predominant 
“ntotives for smoking. Such a categorization could con- 
tribute to a better understanding of the roles of social 
atig biochepiical !nflne nce.a nn-smakinfr-he,tma;inr 

Although several twin studies have iijentified a ge¬ 
netic component to whether the smoking habit is ac- 
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quired (Boorostna et al., 1994; Carmelli et al., 1992; 
Heath and Madden, 1995; Heath et al., 1993; Heath and 
Martin, 1993; Hughes, IgSeV none have examined ge- 
netic c ontributions to motives for smoking. Structural 
modeling of the genetic and environmental factors in- 
fluencing these reported behaviors can be used to test 
underlying assiimtttions of why people smoke. 

Individual differences in motives for smoking 
might have origins in the genetic characteristics of in¬ 
dividuals or in social learning or personal experiences. 
The organization of motives into subtypes or factors 
may reflect the differential influence of specific genetic 
pathways or, alternatively, genetic influences could 
promote a general disposition to the smoking habit 
while environmental experiences lead to specific pat¬ 
terns of behavior and reported motives. 

The earliest lypology of smoking motives hypoth¬ 
es ized that smokers differed on affect management: some 
smo ked to increase nleasant feelings, others tn-r educe-., 
unpleasant feelings, some because they were addicted, 
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entailing bo th positive and negative i 
out ot habit unrelatpft , tn H Varri et al.. 1969; 

"Tomkins, 1968). Another typology classified smokers 
according to oc casions when they were likely to smoke 
( MclCennell, 1970 ). Russell er~a< (1974) derived a^es- 
Tionnaire incorporating features of these two typologie s 
ana recovered six correlated fact ors, not including th e 
hVpoThesized Sedative fac tor. Three factors appeared t o 
-TEprese ht a phartnacologi e aldimension and three a non- 
"^ armacological dimension ^ both of which were theo- 
rized as capable of leading to nicotine dependence. A 
.stu dy including the hiohest-loading items from the lat-_ 
ter factor analysis., administered to a larger sample, had 
similar results, with t he addition of .Sedative .smoking as 

Representative names for the most commonly 
repll Mled motives are Addictive (cravings!. Automatic' 
(th eoretically nonconscious or habitual smoking, but 
similar to chain-s moking ). Stimulativ e (smoking when 
bu sy, theoretically for arousal), Sedative (smoking 
when upset, theoretically to reduce tensio n). Social 
(smokin g socially or tor social conhrtenrei. tndulpent 
'rooking when rela xed), and Sensorimotor (cigaret te 
manipulation!, the nrst four motives have been con¬ 
sidered pharmacological and the latter three non- 
pharmacological. 

In Russell et a/.’s 1974 study, a smoking cessa¬ 
tion clinic sample scored higher on “the pharmacologi¬ 
cal scales than a sample of regular smokers. Among the 
regular smokers, all scales except Psychosocial and 
Sensorimotor were significantly correlated in a posi¬ 
tive direction with number of cigare'ttcs smoked per- 
day. Other studies have shown a positive association 
between the pharmacological motives and criteria such' 
as withdrawal severity, carbon monoxide levels, plasma 
cotmine concentration, cigarettes ner day, and years 
smoked (Niaura era/., 1989; Tate eta/.. 1994.■ Tate and 
^ Stanton, 19 90; West et al., 1986; West and Russell. 
'T9^5T~1 h e relationship of Indulgent smoking to crite¬ 
rion variables, however, has been inconsistent, as has 
been the retrieval of Sedative smoking as a separate 
factor. 

Researchers have tried to distinguish sedative and 
stimulative motives for smoking because of the para¬ 
dox that, although nicotine is a stimulant, people report 
increased tranquility when using the drug (Frith, 1971; 
Gilbert, 1979). At the ganglionic receptors, nicotine pro- 
Suces dose-dependent, stimulative or depressant effects 
(Clarke, 1987). Furthermore, in animal models, acute 
doses of nicotine elicit differential effects on activity 
for mice of separate inbred strains (Marks et al., 1989). 


The purpose of the pre.sent study was to e xamine 
the phenotypic relationships among the items nsprl in 
determini ng motives for smoking and, in addition, tp 
evaluate wheth^ the different pharmacological mo¬ 
tives tor smoking were affected by separate or similar 
genetic pathways. 


METHOD 

Subjects 

Subjects consist of 1756 smokers who answered 
the tyfotiverfor Smoking Questiotinaire fSMQ) in-', 
eluded in the Health. Habits and Opinions fHHO) sur ¬ 
vey returned by 4119 men and women over,d0 years of 
age. The HHO survey, which has been described pre- 
'viously f ^resentt gr nl -J.994) was mailed from late 
1990 to early 1991 to a previously ascertained sample 
of older Caucasian twins. Respondents were originally 
recruited through a notice in the American Association 
of Retired Persons (AARP) newsletter. The HHO twin 
sample, although younger and better educated, was sim¬ 
ilar in smoking habits to a randomly identified subject 
pool of AARP members who voluntarily returned sur¬ 
veys in an unrelated study {Rimer et al.. 1990). 

When asked to characterize their smoking history, 
41.8% of the women (1200) in the HHO sample re¬ 
ported that they either were former smokers or had 
smoked for “most of their life," compared to 69.2% 
(701) of the men. Approximately 5% (34) of male 
smokers smoked exclusively cigars or pipes and were 
not used in this study. There were 1756 individuals who 
answered the SMQ items analyzed in this study; of 
these, 1138 (65%) were women and 618 were men. 

Respondents with SMQ data were born during the 
years 1899 to 1941. The age range at the time of re¬ 
sponse was 50 to 91, with a mean age of 65.9 years and 
a standard deviation of 7,3 years. Female respondents 
(mean age, 65.4 years; SD, 7.3 years) were younger on 
average than males (mean, 66,9 years; SD, 7.3). 


Determination of Zygosity 

Questionnaires were returned by both members of 
1472 pairs; zygosity was determined for 1409 pairs. 
Zygosi ty was assigned based upon the answers to two 
questions on physical similarity contained in the ongi-" ' 
_nal aues tipn’iair'* Thg_erst .item asked how often the 
twins had been mistaken for each other n.s children 
(rarely, sometimes, frequently). The second .item de ¬ 
scribed the degree of ’•ewmbl’"”'’'* id^^n tical and fra- 
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temal twins, with respond ents asked which cateeorv best 
‘applied in their case. This information has been shown 
to be capable of determining zygosity in same-sex twins 
with approximately 95% accuracy (Cederlof et al., 
1961; Eaves et ai, 1989; Kasriel and Eaves, 1976). 

When both twins stated that they were identical 
and neither said that they were rarely mistaken for each 
other, the twins were classified as monozygotic (MZ). 
If one twin said that they were identical and no other 
information was available, zygosity was coded as miss¬ 
ing. If either twin said that they were fraternal, or that 
they were rarely mistaken for their twin, the pair was 
classified as dizygotic (DZ). Using this classification 
scheme, errors in assignment are most likely to be in 
the direction of identifying MZ twins as DZ pairs. 
Twins of opposite sex were automatically classified as 

dizygotic. 

The typical response pattern of volunteer twin 
research (Lykken et ai, 1978) applies to this sample; 
there are substantially more women (74%) then men, 
and more MZ twins (56%) than DZ twins, among those 
where zygosity was established. 

Of the 1756 individuals with sufficient data on the 
SMQ, 780 were members of classified twin pairs. Of 
these, 68 were MZ males, 168 were MZ females, 
24 were DZ males, 73 were DZ females, and 57 were 
DZ opposite-sex twin pairs. The genetic analyses are 
based on these 390 pairs. 

Measures 

Motives for sm o king were obtained from a modi- 
fied versi on of feussell's Motives for Smoking Ques¬ 
tionnaire (SMQ ; Tate et ai, 1994) based on the three 
high est-loading items from each of Russell’s six fac 
tors tRussell et at., 1974). Thr ee other items from th e 
original questionnaire were retained and 4 items were 
^ dded in order to identity two possible factors of Sed a¬ 
tive smoking and Weiaht Con trol, resulting in a 7.5.- 
ite m questionnaire (Appendix). Weight Control items 
have not been reported previously using this question¬ 
naire but are similar to Food Subyitution items in 
McKennell’s 1970 analysis. Responses for each item 
ranged from 0 to 3, corresponding to ailswers of “not 
at all,’’ “a little,” “quite a bit,” and “very much.” 

Not including pipe or cigar smokers, there were 
1456 subjects who responded to every quesrfon on the 
Motives for Smoking scale. To optimize the number of 
twin pairs available while minimizing the number of 
items we allowed to be unanswered by individuals, we 
examined the relationship between these variables. Al¬ 


lowing up to 3 unanswered items (of 25) increased our 
sample size from 269 to 390 twin pairs, whereas in¬ 
creasing the number of unanswered items to as many 
as 5 added only 2 further twin pairs. 

We therefore included those cases with up to three 
unanswered questions, increasing the number of indi¬ 
viduals to 1756. Those who left three or fewer questions 
blank (300 cases: 190 missing one answer, 86 missing 
two answers, and 24 missing three answers) were as¬ 
signed a score of 0 on those questions. The final ques¬ 
tion, “I get pleasure from deeply inhaling cigarette 
smoke,” was the most frequently skipped item by both 
men (2.4%) and women (3.0%). Otherwise, there was no 
pattern in the missing data by item order or motive cat¬ 
egory. The same items loaded similarly on the same fac¬ 
tors whether examining subjects with complete data or 

adding those subjects with missing responses keyed to 0. 

For the genetic analyses, the items for each of the 
four hypothetically distinct factors of Addiction, Se¬ 
dation, Stimulation, and Automatic smoking were 
added together (not including item 17), and to control 
for the effects of age and sex, regression residuals of 
these sum scores were analyzed. 

Genetic Analyses 

Genetic analysis provi des a method for deenm- 
posini famil ial covariance tnatrice.s of observed, or 
pnenotypic, behaviors into factors due to genes 14), 
shar ed environment (C; environmental influences that 
cause t'amily mem bers to tremble one another), ant) 
nohSh'areel enviro nment (£; environmental influences 
that cause tamtlv members to differ from each other: 
this component includes errors of measurement). T win- 
analysis estimates of genetic causes of variation in phe¬ 
notypic behavior can be derived because MZ twins have 
identical genes, whereas DZ twins share, on average, 
half their segregating genes. 

Similarly, the relationships among traits can be de¬ 
composed to determine the degree to which different 
behaviors are in fluenced by the same sets of gere.s. the 
same shared environmental experiences, or the same 
nonsba red environmental effe cts (Kendler, 1993). The 
safne nonshared environmental influences account for 
traits that correlate in individual responses but not 
within twin pairs. Again, the latter effect would include 
correlated errors of measurement. 

The initial approach to the multivariate analyses 
was to examine a Cholesky, or triangular, decomposi¬ 
tion of the covariance matrices (Fig. la). A full Cholesky 
model has the advantage of explaining all the covariance 
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Cholesky 

Fig, A Choicsky, or triangular, decomposition. F, factor; Var, 
variable. 


among variables and can thus be used as a base point to 
test simpler models. In a full Cholesky, three such de¬ 
compositions are fitted for genes, shared environment, 
and nonshared environment. 

Here, the Cholesky was compared to common- 
factor models including specific influences for each 
variable. In the latter model, common factors explain 
the covariance among variables, while factors addi¬ 
tional to the common factors explain specific variance 
for each individual variable (Fig. lb). 

The parameters of a common-factor model are not 
a subset of the Cholesky parameter set, and thus there 
is not a direct test of the statistical significance of the 
reduction in parameters going from a Cholesky to a 
common-factor model. However, the adequacy of 
these two unique models can be compared by taking 
into account their relative parsimony. 


Sex-Limitation Models 

With information on opposite-sex twin pairs, it is 
possible to analyze sex-limitation models (Neale and 
Cardon, 1992). Sex-limitation models can be used to 
assess whether the magnitude of genetic or shared en¬ 
vironmental effects differs for men and women. A sex- 
limitation version of a common-factor model is shown 
in Fig. 2. This model posits that common factors ex¬ 
plain genetic (rif). shared environmental (Cf), and non¬ 
shared environmental (Ef\ not shown for simplification) 
covariation among the variables, while allowing specific 



Comnipn Factor 

Fig. ib. A common-factor structure. CF, common factor; SF, spe¬ 
cific factor. Genes, shared environmeni, and nonshared environment 
are each represented by a Cholesky or a common-factor structure. 


factors to explain genetic (AsO, shared environmental 
and nonshared environmental (£st) variation 
unique to each variable. 

The genetic correlation (r^) is fixed at 1,0 for MZ 
twins and .5 for DZ twins. The shared environmental 
correlation (r,) is fixed at 1.0 for both types of twins. 
To test for differences in the magnitude of effects be¬ 
tween sexes, the parameter estimates are allowed to dif¬ 
fer for men (h,, c,-, e,) and women (hj, cj, ej). This model 
is compared to a model where the parameters are con¬ 
strained to be equal for men and women (Neale and 

Cardon, 1992), 

Maximum-likelihood estimates of genetic and en¬ 
vironmental parameters were fitted and tested using Mx 
(Neale, 1991). Differences between goodness-of-fit chi- 
squares for each model, based on the change in the 
number of degrees of freedom as parameters are added 
or dropped, were used to test for significance of indi¬ 
vidual parameters. 

Similar to the difference chi-square, Akaike’s in¬ 
formation criterion (AIC; Akaike, 1987) reflects both 
the goodness of fit and the parsimony of the model. 
AIC is calculated as the chi-square minus twice the de¬ 
grees of freedom. When comparing models, the model 
with the more negative AIC value indicates a better fit. 
Although the difference chi-square was used to test for 
significance in nested models, the AIC is shown for 
ease of interpretation; the difference chi-squares are 
readily calculated from the degrees of freedom and chi- 
squares given for each model. 
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Fig. 2. A scx-llmltat3on version of a common-factor genetic model. Parameter estimates for genetic (C), shared environmental (C), andnonshared 
cnvironmintsl {£) influences due to specific (s) or common factors (f) can be calculated separately for men (A, c, e) and women (A', c', <’). 
The genetic cortelallotis (Cod are fixed at 1.0 for ML twins and at .5 for DZ twins. Tbe shared-environment coirelations (cci) are fixed at 1.0 
for both twin types. The tioosharcd environmental common factor is not shown here for the purpose of simplification. 


Testing Parameters 

The significance of parameters can be tested by 
removing them from the model and comparing the chi- 
square of the reduced model with that of the augmented 
model, taking into account the change in the degrees 
of freedom. The hypotheses we tested for the proposed 
pharmacological motives were (a) whether genetic fac¬ 
tors or shared environment explained a significant 
amount of the variance in the pharmacological motives 
for smoking, (b) whether one common factor was suf¬ 
ficient to explain the variance due to either genetic or 
shared environmental variance, (c) whether the magni¬ 
tude of the parameter estimates differed by sex, and 
(d) whether genes or environment, specific factors, or 
common-factor loadings were the squrce of the sepa¬ 
rate phenotypic factor for Automatic smoking. 

In model-fitting, the genetic facto/ was assessed 
by a priori models: (1) whether the magnitude of ef¬ 
fects could be equated for each sex, (2) whether addi¬ 
tional, or specific, genetic factors were necessary, and 
(3) whether any genetic factor at all was necessary to 
explain the covariances among twins. 

The shared environment effect was then analyzed, 
testing whether the magnitude of effects could be 


equated across sex and whether specific factors could 
be eliminated. In these data, the specific factors could 
not all be dropped. 

Because the nonshared environment could not be 
reduced from a full Cholesky to a common-factor 
model, the full Cholesky was retained for nonshared 
environment throughout subsequent model-fitting. 


Other Statistics 

Heritability (A^), a widely used estimate of the 
magnitude of genetic influences, is a measure of the 
proportion of phenotypic variance explained by genetic 
differences among people. Similarly, shared environ- 
mentality (c^) is the proportion of phenotypic variance 
accounted for by shared environment, and nonshared 
environmentality (e^) is the proportion of the variance 
in the phenotype explained by the nonshared environ¬ 
ment. These estimates can be calculated as the sum of 
the squared standardized path coefficients deriving 
from each component. The genetic or environmental 
correlations between any two variables can be calcu¬ 
lated by multiplying the standardized path coefficients 
that link them and summing the links. 
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Because ihe latent factors are assumed to be un¬ 
correlated within an individual in these models, the ma¬ 
trix of genetic variances and covariances is estimated as 

A = FoFg' 

where Fp is the n x m matrix of loadings of the n ob¬ 
served variables on the m genetic factors. 

Genetic correlations can be derived by standard¬ 
izing the elements of A as 

Tjj = / (.0,1 X ay) 

(Neale and Cardon, 1992, p. 248). Environmental cor¬ 

relations can be similarly derived. 


RESULTS 
Factor Analysis 

Principal-factor analysis, starting with squared 
multiple correlations as the prior communality esti¬ 
mates, was used to extract the principal factors from 
the 25 items on the Motives for Smoking Questionnaire 
for the sample of 1756 subjects (SAS, 1990). Promax 


oblique rotation was used to allow the rotated factors 
to correlate. Initial extraction generated five factors by 
the criterion of eigenvalues greater than 1.0 (Kaiser, 
1974), and examination of the scree plot confirmed the 
appropriateness of this number. To test the equivalency 
of the factor structure for men afid women and for 
former and current smokers, the factor loadings were 
estimated using Mx for the groups separately and to¬ 
gether. Although the difference chi-square was signif¬ 
icant for both tests, the same five factors, consisting of 
the same items, emerged for all subsets. 

Although five factors appeared to explain the data 

best, the structure was examined from two to eight fac¬ 
tors. When additional factors were estimated, the struc¬ 
ture began to disintegrate into single-item or double-item 
factors with factor loadings less than .50. With fewer 
factors, multiple loadings greater than .30 emerged, and 
interpretation became less clear. The Automatic smok¬ 
ing and Weight Control questions were the most stable 
factors, retaining their identity from a three-factor solu¬ 
tion through an eight-factor solution. 

The five-factor solution fo r the Motives for Smokr 
ing scale is shown in Table I. The first factor loads on 
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Table I. Five-Factor S^utiori^^^inolf^^'^otives Items 


Item No. 

. PHARM 

AUTO 

PSYC 

WGHT 

INDU'^ 

Source 

21 

s 

22 

7 

24 

15 

6 

25 

.7? 

.74 

.70 

.63 

.54 

.53 

.44 

.41 



6 

Cv * ■ j 


SED 

S£D 

SED 

ADD 

ADD 

STIM 

STIM 

STIM 

— 

23 


.&2 




AUTO 

3 


.79 




AUTO 

11 


.71 




AUTO 

14 



.77 



soc 

10 



.76 



soc 

- 

• 


.42 



SENS 

18 



.39 



SOC 

3 



.36 



SENS 

!7 



.34 



ADD 

1 






SENS 

72 




.89 


wotlT ' 

4 




.75 


WGHT 

20 




.66 


WGHT 

2 





M 

TNDU—- 

13 





.63 

INDO 

19 





.55 

INDU 


m 


n 


Note; Standardized regression coefficients; factor loadings less than .30 are not shown. 
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items from the Sedative, Addictive, and Stimulative 
scales, all considered components of a pharmacologi¬ 
cal dimension. The Social and Sensorimotor items com¬ 
bined to form the third factor. The other three factors. 
Automatic, Weight Control, and Indulgent smoking, 
were composed of their predicted items. The only item 
which loaded on an unpredieted factor was item 17 
( “Without a cigarette I don’t kno ty what to do with-mv 
hands”.’!. Althoueh this item had loaded on Russell’s 
Addi ctive scale, h e expect ed it to load on the Sensori¬ 
motor factor tR ussell et al.. 1974), and an original vet- 
sion of the item load ed on McKennelTs Social Confi- 
~dence factor (1970). This item also loaded on the 


Sensorimotor scal e in Tate el al.’s analysis (1994). 
Therefore, this particular item should not oe considered 
'an indicator ot Addictive smoking . 

Although distinct, interpretable factors emerge 
in this analysis, the interfactor correlations (Table 11) 
are higher than those reported by Russell et al. (1974) 
and Tate et al. (1994), The interitem relia bility of tlie— 
Moti ves for Smoking questions produced a Cronbach’s 
a of .92, and only two items (Nos. 3 an d 19) correlated 
at less than .40 with the item total. In addition, all but ~ 
those same two items had loadings greater than .30 on 
the first unrotated factor, which accounted for 35% of the 
variance. A high coefficient Ot, however, does not nec¬ 
essarily indicate that scale items are unidimensional, but 
can be interpreted as the lower hound of the proportion 
of variance in scores explained by common factors under¬ 
lying item performance (McDonald, 1981). 

A second-order factor analysis was performed to 
test for the presence of the hypothesized pharmaco¬ 
logical and nonpharmacological dimensions and to de¬ 
termine where the Weight Control scale loaded. The 
predicted second-order factor structure did not emerge 
using only five factors, but could be recovered using 
the eight hypothetical scales. The original scales were 
modified to conform to the results of the factor analy¬ 
sis: Item 1 (“I smoke for the pleasure of having some¬ 
thing to put in my mouth”) was not included, as it did 
not load specifically on any one factor, and Item 17 


Table II. Interfactor CorrclatLons for Smoking Motives 


Factor 

PHARM 

AUTO 

PSYC 

WOHT 

INDU 

PHARM 

_ 





AUTO 

.55 

— 




PSYC 

.55 

.42 

— 



WGHT 

.44 

.26 

.31 

— 


INDU 

.39 

.23 

.34 

.26 

— 


was included on the Sensorimotor rather than the Ad¬ 
dictive scale. Each scale thus consisted of three items. 
The hypothesized scales for Sedative, Stimulative, Ad¬ 
dictive, and Automatic smoking formed one factor, 
whereas Social, Sensorimotor, and Indulgent smoking 
clustered together. Weight Control loaded about equally 
on both factors. 


Genetic Analyses of Hypothesized 

Pharmacological Scales 

Although the factor analysis indicated that the 
Addictive, Sedative, and Stimulative motives consti¬ 
tuted a single factor, it is possible for phenotypes to 
he controlled 1 


correlated for environmental reasons. To examine this 
possibility, genetic and eavifonmental parameters 
were fitted using the hypothesized nha r maenTogical 
~scfles to determine whether the motives were indeed 
tapping the same gen etic construct or if they had dif- 
■ fei'Ciil ongilis. t he primary test of this hypothesis is 
whether one common factor is sufficient to explain ge¬ 
netic variance. If specific genetic factors are necessary, 
then there is evidence for genetic pathways unique to 
particular motives. 

Measuring gradations in practices such as smok¬ 
ing or drinking requires that the subjects have initiated 
use. We can not measure the potential for problems as¬ 
sociated with alcohol in someone who has never had a 
drink. If the degree of use derives from the same fac¬ 
tors which motivate initiation, then the results of ge¬ 
netic analyses using concordant pairs may be biased. 

Comparing individuals from pairs where both 
twins smoked to those from pairs where only one twin 
ever smoked can give an indication of these associa¬ 
tions. If the difference between concordant and dis¬ 
cordant pairs depends on the twin type, then we can 
infer an influence of genetic or shared environmental 
factors. 

Analysis of variance was used to test if there were 
mean differences between twins from pairs concor¬ 
dant for smoking and twins from discordant pairs aniT 
whether the mteraciton oi concordancy and twin typ e 
was sigp jfifan!- 

There is some evidence that the four hypothesized 
pharmacological motives for smoking are related to the 
initiation of smoking. Smokers from pairs of twins dis¬ 
cordant for ever smoking tend to have slightly lower 
scores on the SMQ scales than twins from concordant 
pairs. Although significant, the effects are small, with 
the largest at .02, 
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There was no difference between MZ and DZ 
twins on the scales, and the interaction was not signif¬ 
icant. Given the smallness of the effect and the lack of 
an interaction implying genetic effects, it is unlikely 
that the results of the biometrical analyses would be 
much affected. 

Results of model fitting are shown in Table III. A 
full Cholesky triangular decomposition, which accounts 
for all the variance and covariance, was used as the 
benchmark (Model 1). Reducing genetic and shared en¬ 
vironmental effects to common factor form with spe¬ 
cific factors loading on each variable resulted in a more 
parsimonious fit (Model 2). The full Cholesky decom¬ 
position was retained for unshared environmental ef¬ 
fects, which could not be reduced to one common fac¬ 
tor. Subsequently, the adequacy of more parsimonious 
factor models was assessed by the difference chi-square 
goodness-of-fit test. 

The magnitude of the genetic influences could be 
equated across sex; that is, the parameter estimates 
were not significantly different for men and women 
(Model 3). All specific factors could be dropped from 
the genetic model; therefore, one common factor was 
sufficient to account for the genetic effect on the phar¬ 
macological motives (Model 4). Genetic influences 


could not be completely dropped from the model with¬ 
out significant loss of fit (Model 5). 

It was not possible to equate across sex the mag¬ 
nitude of shared environmental influences for all the 
variables (Model 6), nor was it possible to drop all of 
the specific factors (Model 7). Specific shared envi¬ 
ronmental factors could be dropped for all variables ex¬ 
cept for Automatic smoking (Model 8). The inability 
to equate the magnitude of loadings across sex was due 
to Automatic smoking; the parameter estimates for Ad¬ 
dictive, Stimulative, and Sedative smoking could be 
equated for men and women when allowing Automatic 
smoking to differ (Model 9). The specific loadings for 
Automatic smoking could not be equated (Model 10). 
It was not possible to equate nonshared environmental 
influences across sex (Model 11). 

Figures 3a and 3b show the standardized parame¬ 
ter estimates for men and women from Model 9. For 

simplification, the nonshared environment Cholesky 
parameters are not shown. The values for the equated 
parameters differ slightly because of differences in 
overall phenotypic variance between men and women. 
The figures illustrate the relationship among the one 
common genetic factor and the four pharmacological 
variables. It can be seen that the main difference between 







.Tabic HI. Model-Fitting tor Hypothesized Pharmacological Motives 


Model 


df 

P 

AlC 

(1) Full Cholesky 

J47.84 

120 

.043 

-92.2 

(2) Common and specific factors for genes 
& far shared environment; Cholesky 
for unshared environment 

152.49 

128 

.069 

-103.5,^ 

(3) Equate genetic loadings across sex 
(V8. Mode! 2) 

157.42 

136 

.101 

-U4.6 

(4) Drop specific genes (vs. Model 3) 

157,70 

140 

.146 

-122.3 

(5) Drop genetic factor CvS. Model 4) 

172.73 

144 

.052 

-115.3* 

(6) Equate shared environment loadings 
across sex (vs. Model 4) 

180.84 

148 

.034 

-115.2* 

(7) Drop specific factors for shared 
environment (vs. Model 4) 

184,23 

148 

.023 

-111,8* 

(8) Drop specifics for shared environment 
excluding AUTO (vs. Model 4) 

168.78 

146 

.095 

-i23,a_ 

(9) Equate loadings for shared environment 
common factor excluding AUTO 
(vs. Model 3) 

169.52 

149 

.120 

-128.5 

(10) Equate specific factor loadings 
for AirrO (vs. Model 9) 

179.03 

150 

.053 

-121.0* 

(11) Equate unshared environment 
across sex (vs. Model 9) 

218.04 

159 

.001 

-100.0* 


♦ Indicates significant loss of fit by difference chi-sqnare (not shown). Parameters are returned to 
model, so chat subsequent models arc compared to last model which did not decrease goodness 
of fit. 
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Table IV. HcrltabilHy and EnvironmentaUty Estimates 
for Pharmacological Motives 


Scale 

Women 


Men 


IP 




<4 


Addictive 

.24 

.22 

.53 

.27 

.25 

.48 

Sedative 

.23 

.04 

.73 

,32 

.05 

JS3 

Stimulative 

.49 

.00 

ji 

.56 

.00 

.44 

Automatic 

.18 

,23 

.38 

.23 

.05 

.7.2 


Note Parameters estimated from Model 9, Table IV. proportion 
of phenotypic variance due to genetic effects; c^, proportion of vari¬ 
ance due to shared environment; proportion of variance due to 
nonshared environment. 


Women 

Fig. 3«, Genetic and shared environmental effects on hypothesized 
pharmacological smoking motives for women Cstandardized para¬ 
meter estimates) from Model 9. 



Fig. 3b. The same effects for men. For purposes of simplification, 
nonshared environmental influences are not shown for either sex. G, 
genetic influencest C, shared environniEnta! influences. 


men and women in shared-environmental influences is 
that there is a positive relationship between Automatic 
smoking and the common factor for women, whereas 
Automatic smoking is not related to the common factor . 
for men. 

Heritability and environmentality estimates from the 
multivariate model are shown in Table IV. In general, at 
least half of the phenotypic variance in the motives for 
smoking is accounted for by nonshared environmental 


effects. There are negligible effects of shared environ¬ 
ment on the Sedative and Stimulative scales. Twin re¬ 
semblance for Addictive smoking is about half genetic 
and half shared environment. The shared environment 
effect for Automatic smoking is greater for women than 
for men. 

DISCUSSION 

The factors that emerged from principal-factor 
analysis of the Motives for Smoking questionnaire items 
were reasonable and interpretable, and the item associ¬ 
ations conformed to hypothesized pharmacological 
and nonpharmacological dimensions in the motives for 
smoking. Sedative. Stimulative, and Addictive smoking 


smoking, also considered to have pharmacological ori- 
~i>ins. was a separara factor. Social and Sensorimotor 
items merged into a Psychological factor. Indulgent and 
Weight Control factors were composed of their predicted 
items. Interfactor correlations ranged from .23 to .55. 

Another study that used most of these same items 
in a principal-components analysis (Tale et al.. 1994) 
recovered seven factors, includi ng Sedativ e smoking. 
The Sedative factor has been the least stable of the 
motives. In the analysis by Russell et al. (1974). the 
two Sedative items loaded on Stimulative and Addic¬ 
tive factors. Sedative smoking, retrieved as a separate 
factor, correlated at .58 with the Addictive factor and 
,41 with Stimulative smoking in the Ikard et al. (1969) 
study. 

Although the merger of Addictive, Stimulative, and 
Sedative smoking into one factor suggested phenotypic 
similarity, it is possible for items to correlate for envi¬ 
ronmental reasons and yet have different genetic origins. 
Tw'in analyses were used to test the relative contribu- 
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lions of genes and shared environment to the variance 
among the four proposed pharmacological scales. 

Results of model-fitting showed that both gene.s and 
shared environment significantly influenced individual 
variation in the hypothesized Addictive. Sedative. Stim¬ 
ul ative. and Automatic scales. The genetic variation in 
these motives was explained by a single common fac¬ 
tor. There was no evidence of unique genetic pathways 
operating on the hypothetically discrete motives. 

Automatic smoking, which maintained a unique 
identity through all analyses of the phenotypic factor 
structure, showed distinct and specific differences in 
shared environmental influences. It was necessary to 
retain a specific factor to explain .shared environmental 
influences on Automatic smoking, and the magnitude of 
the influence of this specific factor could not be equated 
across sex. Automatic smoking also accounted for the 
difference between men and women in the shared- 
environment common factor. Thus, in these models, the 
responses for Automatic smoking were differentially af¬ 
fected by shared.Envirnpment depending On sexT 

For the hypothesized motives of Sedative, Stimu¬ 
lative, and Addictive smoking, which merged into a sin¬ 
gle factor in the phenotypic principal-factor analysis, the 
effects of genes and shared environment were accounted 
for by a single common factor each, and the magnitude 
of the estimates were not significantly different for men 
and women. Therefore, these theoretically distinct mo¬ 
tives were not distinguished either phenotypically or ge¬ 
netically in this sample. 

Because motives for smoking may converge as a 
function of use across time, it is possible that these re¬ 
sults would be different for a sample of novice smok¬ 
ers. There also may be biases due to restrospective re¬ 
porting by former smokers; however. In the phenotypic 
analysis, the same factors composed of the same items 
emerged for both former and current smokers. Relia¬ 
bility coefficients over a 3-year interval on a question¬ 
naire similar to the SMQ showed negligible differences 
between former and current smokers (Costa et al., 
1980), and within age cohorts, there were no signifi¬ 
cant differences between former and current smokers 
on an addictive-type scale (Bosse et al.. 1980). 

The specific pharmacological motives, measured 
using Ikard’s (1969) Reasons for Smoking scale, have 
shown limited discriminative validity when compared 
to laboratory and environmental measures of smoking 
behavior or individualized cessation techniques (for 
reviews see Sbiffroan, 1993; Tate et al,, Stanton, 
1991). These findings have led to the suggestion that 
an overall pharmacological score is more relevant than 


the individual subtypes. Our results support this view¬ 
point. 

With the exception of sex-specific environmental 
differences in Automatic smoking, this study did not 
find that the supposedly distinct motives tap different 
pharmacological events. The finding that one common 
factor accounted for the genetic influences on all four 
proposed pharmacological motives is consistent with 
the hypothesis that these motives represent individual 
differences in the same pharmacological pathway. 





APPENDIX 


Items from the Motives for Smoking 
Questionnaire by Hypothesized Constructs 



Addictive 


■f 


(7) When I run out of cigarettes I find it almost 
unbearable until I can get them. 

(17) Without a cigarette I don't know what to do 
with my hands. 

(22) I get a real gnawing hunger to smoke when 
I haven’t smoked for a while. 

(25) 1 get pleasure from deeply inhaling cigarette 
smoke." 




Stimulative 

(6) 1 like smoking when I am busy and working 
hard. 

(15) I get a definite lift and feel more alert when 
smoking. 

(24) 1 smoke more when 1 am rushed and have 
lots to do. 

Sedative 





(5) I smoke more when I am worried about 
something," 

(21) nt^lirup a cigarette when I feel angry about 
something." 


; me down when I feel tense 


ph 


Automatic 

(8) I’ve found a cigarette in my mouth without 
recalling putting it there. 

- (11) I light up a cigarette without realizing I still 
have one burning in the ashtray. 


" Items from the urigmal scale that were not in the top three loadings. 
‘ New items. • * 
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(23) I fiin^ myself smoking without remembering 
lighting up. 

Social 

(10) II is easier to talk and get on with other peo¬ 
ple when smoking. 

(14) While smoking I feel more confident with 
other people. 

(18) I smoke much more when I am with other 

people. 

Sensorimotor 

(1) I smoke for the pleasure of having something 
to put in my mouth. 

(3) Part of the enjoyment of smoking is watch¬ 
ing the smoke as I blow it out. 

(9) Part of the enjoyment of smoking comes 
from the steps 1 take to light up. 

Indulgent 

(2) I want to smoke most when I am comfortable 
and relaxed. 

(13) 1 like a cigarette best when 1 am having a 
quiet rest. 

(19) I usually only smoke when 1 can really sit 

back and enjoy it. 

Weight Control 




Note: Item numbers are in parentheses. 
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